Recovery of motor function after stroke involves relearning motor skills and is mediated by neuroplasticity. Recent research has focused on developing rehabilitation strategies that facilitate such neuroplasticity to maximize functional outcome poststroke. Although many molecular signaling pathways are involved, brain-derived neurotrophic factor (BDNF) has emerged as a key facilitator of neuroplasticity involved in motor learning and rehabilitation after stroke. Thus, rehabilitation strategies that optimize BDNF effects on neuroplasticity may be especially effective for improving motor function poststroke. Two potential poststroke rehabilitation strategies that consider the importance of BDNF are the use of aerobic exercise to enhance brain function and the incorporation of genetic information to individualize therapy. Converging evidence demonstrates that aerobic exercise increases BDNF production and consequently enhances learning and memory processes. Nevertheless, a common genetic variant reduces activity-dependent secretion of the BDNF protein. Thus, BDNF gene variation may affect response to motor rehabilitation training and potentially modulate the effects of aerobic exercise on neuroplasticity. This perspective article discusses evidence that aerobic exercise promotes neuroplasticity by increasing BDNF production and considers how aerobic exercise may facilitate the acquisition and retention of motor skills for poststroke rehabilitation. Next, the impact of the BDNF gene val66met polymorphism on motor learning and response to rehabilitation is explored. It is concluded that the effects of aerobic exercise on BDNF and motor learning may be better exploited if aerobic exercise is paired more closely in time with motor training. Additionally, information about BDNF genotype could provide insight into the type and magnitude of effects that aerobic exercise may have across individuals and potentially help guide an individualized prescription of aerobic exercise to enhance motor rehabilitation poststroke. [Mang CS, Campbell KL, Ross CJD, Boyd LA. Promoting neuroplasticity for motor rehabilitation after stroke: considering the effects of aerobic exercise and genetic variation on brain-derived neurotrophic factor. Phys Ther.
S
troke is the leading cause of long-term disability in North America. 1 Deficits in motor function are common following stroke; up to 75% of stroke survivors experience upper extremity impairments that persist into the chronic stage. 1 Over the first 6 months after stroke onset, some spontaneous motor recovery occurs, 2 but further advances in motor function rely on motor rehabilitation training. The process of motor rehabilitation is a form of motor learning, 3 which refers to a relatively permanent change in motor behavior evoked by practice or experience. 4 As such, individuals with stroke engage in motor rehabilitation training in an effort to relearn motor skills that were lost due to injury.
Consistent with motor learning in adults who are healthy, this relearning process is mediated by neuroplasticity, 3 which is defined as the ability of the central nervous system (CNS) to undergo structural and functional change in response to new experiences. 5 This neuroplasticity is detected in humans with a number of experimental techniques, including noninvasive brain stimulation (to measure shifts in size, location, and excitability of motor cortical maps) and functional magnetic resonance imaging (fMRI) (to measure altered activation and recruitment of brain regions involved in movement). 3 Initially, learningrelated plasticity involves the strengthening of existing, as well as the formation of new, neural connections that support learned behaviors. 3, 6 It is followed by pruning, or "focusing," of neural connections as skill and preferential pathways develop. 6, 7 Current research focuses on maximizing the functional benefits of poststroke motor rehabilitation by developing interventions to promote motor learning-related neuroplasticity. 3 Despite major progress in the understanding of neuroplasticity, very few new treatment interventions have resulted from this research. 3 Thus, there is a critical need for the development of novel and more effective approaches for poststroke motor rehabilitation.
Recent advancements in the understanding of the role of brain-derived neurotrophic factor (BDNF) in neuroplasticity may provide important information for the development of new poststroke rehabilitation strategies. Brain-derived neurotrophic factor is a member of the neurotrophin family, a group of proteins involved in neuroprotection, neurogenesis, and neuroplasticity, and has been identified as a key mediator of motor learning and rehabilitation after stroke. New areas of research are beginning to inform the development of rehabilitation strategies that take into account the importance of BDNF for motor recovery after stroke. These areas of research include consideration of aerobic exercise effects on brain function and the incorporation of genetic information to individualize therapy.
Converging evidence suggests that aerobic exercise is a valuable intervention for improving brain function 8 -12 and that these effects are mediated, in part, by upregulation of BDNF. 13, 14 Thus, capitalizing on aerobic exercise-induced increases in BDNF could plausibly facilitate motor learning-related neuroplasticity for rehabilitation after stroke. Nevertheless, the basic processes that drive neuroplasticity, such as BDNF signaling, are dependent on the expression of genes. As a result, genetic variation could affect an individual's response to motor rehabilitation training, aerobic exercise training, and overall motor recovery after stroke. 15 Thus, the primary aims of the present perspective article are: (1) to discuss evidence that aerobic exercise enhances brain function by increasing BDNF production and consider how these effects may be harnessed to facilitate motor rehabilitation poststroke and (2) to discuss the potential impact of a common variant of the BDNF gene on motor learning, response to motor rehabilitation training, and aerobic exercise effects on the brain poststroke.
Aerobic Exercise to Promote Neuroplasticity for Motor Rehabilitation Poststroke
Aerobic exercise affects the brain indirectly through improvements in general health and fitness and through alterations in molecular signaling pathways that act directly on the CNS 13,14 (Fig. 1) . The primary focus of this article is on the direct pathway of exercise-induced upregulation of BDNF in the CNS. 13, 14 To begin to consider how exerciseinduced increases in BDNF may be a key contributor to the positive effects of aerobic exercise on brain health and function, we address 3 main topics in this article. First, we discuss the involvement of BDNF in facilitating neuroplasticity, motor learning, and poststroke motor rehabilitation. Next, the effects of aerobic exercise on BDNF and its role in mediating exercise-induced increases in brain function are reviewed. Lastly, we consider how the effects of exercise on the brain may best be harnessed to promote neuroplasticity and facilitate motor rehabilitation poststroke. The present article focuses on aerobic exercise, although a growing body of evidence suggests Evidence for the role of BDNF specifically in motor learning can be found in animal work demonstrating that disrupting BDNF synthesis with a pharmacological intervention impaired skilled motor performance and diminished traininginduced cortical map plasticity. 21 Subsequent application of BDNF by intracortical injection into primary motor cortex (M1) partially restored these functions. 21 Similarly, in rat models of focal ischemia, recovery of skilled reaching movements with rehabilitation training was abolished when BDNF was blocked in the CNS. 22 In a similar study, response to poststroke rehabilitation training was enhanced when exogenous BDNF was administered through an intravenous bolus in rats. 23 Equivalent data in humans showing direct BDNF involvement in motor learning and poststroke rehabilitation are not available due to the invasive nature of intracortical injections and limited capacity to target BDNF application to specific brain regions in humans.
Nevertheless, given the strong evidence for BDNF involvement in neuroplasticity within the motor system in animal research, it is plausible that motor rehabilitation strategies that capitalize on the beneficial effects of BDNF in the CNS will be effective for facilitating recovery after stroke. Examples of indirect and direct pathways for positive effects of aerobic exercise on the brain. 13,14 Indirect effects refer to improvements in general health and reduction of peripheral risk factors that consequently affect brain health. Direct effects refer to aerobic exercise influences on the molecular signaling pathways of the brain itself. The present article focuses on the direct effect of exercise on BDNF production in the brain. BDNFϭbrain-derived neurotrophic factor, NT-3ϭneurotrophin-3, CNSϭcentral nervous system. effect of aerobic exercise training programs on basal BDNF values. 34 -36 The return to baseline levels of systemic BDNF levels after 1 hour following aerobic exercise and the lack of training effects on basal systemic levels in some studies are thought to be a result of a subsequent increase in BDNF absorption in the CNS following aerobic exercise-induced increases in production. 27 Complementary work demonstrates that aerobic exercise training enhances multiple aspects of cognitive function in individuals who are healthy and across a range of chronic health conditions, including stroke. 11,12,24,25 A meta-analysis of 18 aerobic exercise training intervention studies in older adults concluded that the largest effects on cognition occur in the executive control domain, including functions such as planning, scheduling, working memory, and multitasking. 10 The majority of studies included in this meta-analysis involved aerobic exercise 3 times per week at a moderate intensity (ie, ϳ70% maximum heart rate). Programs that involved aerobic exercise sessions greater than 30 minutes, training periods of more than 6 months, and a combination of aerobic and resistance training had the largest effects. 10 Similar positive effects of aerobic exercise training on cognition have been shown in individuals with stroke. Exercise programs combining aerobic and resistance training performed at moderate ratings of perceived exertion on 2 to 3 days per week for 12 weeks 11 and 6 months 12 improved executive function and memory in individuals with chronic stroke. Combined with animal work, 26 the findings of aerobic exercise-induced increases in systemic BDNF 27 and cognitive function 11,12 in humans are commonly taken as evidence that BDNF contributes, at least in part, to the positive effects of aerobic exercise on cognitive function in humans. 27 Nevertheless, a key limitation of current evidence is that relatively few human studies concurrently assess aerobic exercise-induced changes in both BDNF and cognitive function. [37] [38] [39] Aerobic Exercise Effects on Motor Learning Aerobic exercise training not only improves poststroke cognitive function but also enhances poststroke mobility, balance, and motor function. 11,12,40,41 Increased physical fitness is undoubtedly a large contributor to these improvements in motor function; however, exercise-induced increases in neuroplasticity and motor learning abilities via upregulation of BDNF within the CNS also may contribute to these beneficial effects. Only 1 study has examined the effects of engaging in aerobic exercise over several weeks on motor learning, and it was conducted in individuals with stroke. 42 In this study by Quaney et al, 42 participation in an 8-week aerobic cycling program (70% maximum heart rate, 45 minutes, 3 times per week) improved within-session performance of a motor sequence task compared with those who participated in an 8-week stretching program. Their study demonstrated that, at least in the short-term, aerobic exercise training improves motor skill acquisition. However, motor performance at a delayed retention test (Ն24 hours postpractice) is required to indicate motor learning 43 and, unfortunately, was not examined. Nevertheless, Quaney and colleagues' findings indicate that motor learning abilities may be enhanced by aerobic exercise.
Aerobic Exercise Effects on

Persistence of Aerobic Exercise Effects on the Brain
Another important finding by Quaney et al 42 was that the greater within-session performance among aerobic exercisers was not maintained at a follow-up test 8 weeks after exercise training had stopped.
This finding raises an important issue concerning the persistence of aerobic exercise-induced increases in brain function that has not been well addressed in the literature. Many randomized clinical trials of aerobic exercise training programs report improvements in performance on cognitive tests performed immediately before and after participation in an aerobic exercise program. 10 However, to our knowledge, there is no evidence that the benefits of aerobic exercise on brain function persist at follow-up after aerobic exercise is stopped. Similar to the finding by Quaney et al, 42 a recent study of young adults who were healthy showed that improvements in object memory retrieval following a 4-week treadmill training program occurred only when individuals performed an exercise bout on the final testing day. 44 A possible explanation for these findings may be found within research investigating the effects of an acute bout of aerobic exercise on cognitive performance in humans. A meta-analysis of 29 studies of young adults who were healthy concluded that information processing and memory are significantly enhanced immediately following a single bout of aerobic exercise. 8 Thus, enhanced cognitive function induced by aerobic exercise training programs may simply be due to continuous exposure to acute bouts of aerobic exercise 8 ; when regular training is stopped, these effects are no longer regularly evoked.
Traditionally, enhanced cognitive function following an acute bout of aerobic exercise has been attributed to a temporary increase in arousal and thus is expected to dissipate as arousal levels return to baseline. 8 However, the aforementioned metaanalysis determined that the aspects of cognitive function most positively affected by an acute bout of aerobic exercise were short-term and longterm memory. 8 These effects were Promoting Neuroplasticity for Motor Rehabilitation After Stroke greatest when cycling exercise was used rather than treadmill exercise. 8 There also is evidence suggesting that short intervals of high-intensity aerobic exercise (ie, 3 ϫ 3 minutes above ventilatory threshold) may enhance memory more than longduration, low-to moderate-intensity aerobic exercise (ie, 40 minutes below ventilatory threshold) in young adults. 39 Interestingly, if an acute bout of aerobic exercise alters memory processes, it also could affect learning and thus promote relatively permanent changes in motor behavior that persist even after aerobic exercise training has stopped. An important caveat to this idea is that learning and neuroplasticity are dependent on experience. By increasing BDNF production, aerobic exercise may facilitate the neuroplastic processes that underlie learning, such as LTP and dendritic branching, but aerobic exercise alone is not capable of inducing these neuroplastic processes. Thus, for aerobic exercise to have the most meaningful and lasting effects on behavior, it likely needs to be paired closely in time with sufficient and meaningful practice or experience that is consistent with the desired behavioral change. For example, 2 months of a combination of aerobic exercise training and mental training increases cognitive function more than either intervention alone. 45 
Prescribing Aerobic Exercise to "Prime" Motor Learning and Poststroke Motor Rehabilitation
The basis of engaging in aerobic exercise training in close temporal proximity with behavioral training is that the aerobic exercise will serve to "prime" the CNS for the neuroplastic change that underlies the desired behavior change (ie, learning). With this approach, the positive effects of aerobic exercise on brain function may be more effectively harnessed to facilitate functional improvements in populations with chronic disease, such as stroke. In a recent study, Roig et al 46 found that high-intensity interval cycling (3 ϫ 3 minutes, above ventilatory threshold) immediately before or after practice of a motor task enhanced motor performance on retention tests conducted at 1 and 7 days postpractice, demonstrating that a single bout of aerobic exercise enhanced motor learning in young individuals who were healthy. Aerobic exercise immediately before motor task practice was thought to facilitate the detection and encoding of information relevant to the task during the subsequent motor practice, and aerobic exercise immediately after motor task practice was thought to facilitate processes involved in motor memory consolidation. 46 As motor learning underlies improvements in motor function evoked by rehabilitation following stroke, these findings suggest that acute bouts of aerobic exercise may have the potential to be used to facilitate response to poststroke motor rehabilitation training (Fig. 2) .
Current guidelines recommend that individuals with stroke engage in a minimum of 20 minutes of moderate intensity aerobic exercise 3 days per week. 47 The intensity of the exercise should be greater than 30% of heart rate reserve, the minimal effective training intensity for very unfit individuals, 48 but based on individual exercise stress test results and health status. 47 Although these recommendations are sufficient to obtain general health benefits for individuals with stroke, there is limited research examining the specific exercise dose necessary to elicit direct effects on brain function and facilitate motor rehabilitation in individuals with stroke. Thus, findings from studies investigating aerobic exercise effects on BDNF production and other cognitive functions currently may be the best source of information when speculating on how to best prescribe aerobic exercise for this purpose.
Based on this literature, to induce large positive effects on cognitive function and increase BDNF levels, exercise training studies should use: (1) 
Figure 2.
Using aerobic exercise to prime motor rehabilitation poststroke. Performing aerobic exercise immediately before motor rehabilitation training may facilitate improvements in motor function by capitalizing on aerobic exercise-induced increases in the capacity for neuroplasticity. Alternatively, aerobic exercise could be performed immediately after motor training to facilitate motor memory consolidation processes. BDNFϭbrain-derived neurotrophic factor, LTPϭlong-term potentiation.
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rate maximum, 27 (3) a frequency of 4 days per week, 27 and (4) a combination of aerobic and resistance exercises. 10 Cycling 8 and high-intensity intervals 39 may be especially effective for immediate benefits of acute aerobic exercise on cognitive function; however, there also is evidence that just 30 minutes of aerobic exercise at 60% maximum heart rate is effective for increasing BDNF in individuals with chronic disease. 27 Lastly, the effects of aerobic exercise training on the brain may be most effectively harnessed if performed at a point close in time to performance of motor rehabilitation training. 46 Although further research is needed to determine the precise time course of BDNF effects, it appears that 1 hour postexercise is the most likely window of time in which motor learning will be most facilitated. 8,27,46
These findings provide a reference point for prescription of aerobic exercise in future research evaluating the effects of exercise on motor learning and response to rehabilitation poststroke. The idea of priming motor rehabilitation with aerobic exercise is speculative; however, with additional study, researchers may gain further insight into whether-and if so, how-aerobic exercise can be prescribed to facilitate the acquisition and retention of motor skills for rehabilitation.
Genetics Research to Inform Motor Rehabilitation and Aerobic Exercise Prescription Poststroke
The premise for rehabilitation interventions that promote neuroplasticity is that if the CNS can be primed for greater capacity for physiological change, then functional improvements mediated by those physiological changes will be more likely to occur. 3 As many of the neuronal processes that drive such changes are dependent on the expression of specific genes, genetic variation may influence the efficacy of rehabilitation strategies that engage these processes. 15 For example, although upregulation of BDNF following aerobic exercise may be beneficial for neuroplasticity, a common single nucleotide polymorphism (SNP) on the human BDNF gene could affect the effects of aerobic exercise on the brain. 44, 49, 50 Thus, improved understanding of how genetic variation influences neuroplasticity and motor learning after CNS injury may allow for better individualization of rehabilitation strategies to maximize motor outcome poststroke. In the current section of this article, the effects of the BDNF val66met polymorphism on neuroplasticity, motor learning, and poststroke motor rehabilitation will be discussed. Next, ideas about how knowledge of the effects of this polymorphism could be utilized when prescribing aerobic exercise to prime motor rehabilitation will be considered. Given the role of BDNF in mediating aerobic exercise effects on the brain, 26, 27 focus is placed on the wellcharacterized BDNF val66met gene variation throughout this section; however, this is just one of many genetic variants that could potentially affect aerobic exercise effects on the brain and poststroke motor rehabilitation. 15
BDNF Gene Val66met Polymorphism Impact on Brain Health and Function
In approximately 30% to 50% of the human population, an SNP exists on the BDNF gene that results in an amino acid change from valine (val) to methionine (met) at position 66 (val66met) of the precursor peptide proBDNF. 51 The presence of the met allele results in a 25% reduction in activity-dependent secretion of BDNF in the CNS. 49 
BDNF Gene Val66met Polymorphism Impact on Motor System
The first study to demonstrate an effect of the BDNF gene val66met polymorphism on activitydependent plasticity associated with movement was conducted by Kleim and colleagues. 57 Following 30 minutes of fast index finger movement training, individuals without the polymorphism demonstrated a greater expansion of motor maps and greater increase in M1 excitability, as measured by transcranial magnetic stimulation, when compared with individuals with the met allele. 57 Another study demonstrated similar results utilizing the same simple motor training task and fMRI techniques in young individuals who were healthy. 58 Interestingly, it also has been demonstrated that after 1 day of training on a similar index finger motor task, individuals without the polymorphism have greater motor map plasticity compared with Promoting Neuroplasticity for Motor Rehabilitation After Stroke those individuals with the polymorphism; however, after 5 and 12 days of training, there was no difference in measures of plasticity between genotypes. 59 These results suggest that extensive motor training may overcome deficits in neuroplasticity in met allele carriers. In contrast, 2 other studies showed no effect of BDNF genotype on change in cortical excitability evoked by a single session of fast finger movement tasks in young adults 60,61 ; however, 1 of these studies demonstrated a significant effect of BDNF genotype when a more complex visuomotor task was practiced. 61 Additionally, McHughen and Cramer 62 found that there was no BDNF val66met polymorphism effect on motor map plasticity evoked by the same fast index finger movement paradigm as described above when performed in older adults who were healthy, suggesting that the BDNF genotype effects may be attenuated with advanced age. However, null effects of BDNF genotype on motor map plasticity within this body of research also may relate to the nature of the motor tasks employed. For example, given the importance of BDNF for motor learning, 19 -21,63 plasticity may be more dependent on the BDNF val66met polymorphism when induced by tasks that involve learning of a novel motor skill than by tasks that involve simple repetition of a familiar movement.
Despite differences in neuroplasticity, most studies thus far have found no effect of BDNF genotype on motor performance in young healthy individuals. 57,60,61 It has been suggested that detecting behavioral effects of the polymorphism may require more sensitive measures of motor performance. 57 It is also possible that reduced neuroplasticity may have larger and more detectable behavioral effects when other CNS functions have been compromised, such as after an individual has sustained a stroke. Furthermore, the majority of studies have only tested motor performance during and immediately following motor task training; as a result, they may have missed any longer lasting effects that would be detected with a delayed retention test (ie, true motor learning effects). 57, 60, 61 The only study to use a delayed retention test showed that individuals without the val66met polymorphism demonstrated greater relative retention on a motor learning task compared with those with the polymorphism. 58 Thus, altered neuroplasticity as a result of the BDNF val66met polymorphism may manifest behaviorally as deficits in motor learning. Nevertheless, additional research specifically examining motor learning is needed to further elucidate the effects of the BDNF genotype on the motor system.
BDNF Gene Val66met
Polymorphism Impact on Recovery Poststroke Evidence for a BDNF genotype effect on neuroplasticity and motor learning in young individuals who are healthy has led to speculation that the BDNF val66met polymorphism also may influence recovery after stroke. 15 Three studies have demonstrated an association between the met allele and poorer recovery relative to those without the polymorphism in the acute and subacute stages following hemorrhagic stroke. However, there are conflicting findings regarding the long-term impact of the polymorphism (ie, Ͼ1 month poststroke) and limited evidence to support an impact among individuals with ischemic stroke. 64 -66 Moreover, these studies have all used global outcome scales that do not differentiate between recovery of cognitive and motor function. 64 -66 Thus far, only 1 study of the BDNF val66met polymorphism has been conducted in individuals with chronic stroke. 67 In that study, reductions in visual memory after subarachnoid hemorrhage were greater in met allele carriers when compared with individuals without the polymorphism; however, this genotype effect was not present in individuals with concurrent cerebral infarctions. 67 Thus, more research is needed to understand BDNF genotype effects on different aspects of recovery and long-term outcome, as well as how the type of stroke influences these effects. Additionally, effects of the BDNF gene val66met polymorphism on motor learning could potentially modulate response to motor rehabilitation in the chronic stage of stroke, but this relationship has not yet been investigated.
BDNF Gene Val66met Polymorphism to Inform the Use of Aerobic Exercise for Motor Rehabilitation
Previously, we considered the idea of priming the CNS by prescribing an acute bout of aerobic exercise in concert with motor rehabilitation training. As upregulation of BDNF is thought to partly mediate the benefits of aerobic exercise on brain function, 26,27 aerobic exercise effects on motor learning and rehabilitation may be attenuated in individuals with the BDNF gene val66met polymorphism. Supporting this contention is the finding that improvements in object recognition memory following 4 weeks of aerobic exercise are attenuated in individuals with the BDNF val66met polymorphism compared with those in the study without the polymorphism. 44 It is possible, then, that any beneficial effects of aerobic exercise on cognitive domains involved in motor learning and rehabilitation also would be reduced in individuals with the BDNF val66met polymorphism. Nevertheless, aerobic exercise may still be beneficial for motor rehabilitation in BDNF val66met carPromoting Neuroplasticity for Motor Rehabilitation After Stroke riers but may need to be prescribed in greater amounts or at higher intensity levels than prescribed to those without the polymorphism. As more intensive motor practice can overcome the negative effects of the met allele on motor map plasticity, 59 more intensive aerobic exercise also may overcome such negative effects. Alternatively, it could be that rehabilitation strategies that target BDNF are not effective for met carriers, and as a result, other approaches may need to be developed to promote motor recovery in these individuals. Figure 3 illustrates how the BDNF gene val66met polymorphism may influence the effects of aerobic exercise on motor rehabilitation poststroke. Nevertheless, many other factors and molecular pathways, besides BDNF signaling, could influence the effects of aerobic exercise on the brain. 68 -70 As a result, aerobic exercise may be a uniquely powerful intervention that has positive effects on brain function across many genetic profiles. Regardless, an improved understanding of the role of genetics in motor rehabilitation could potentially enhance the understanding of what effects aerobic exercise may have on specific individuals and, as such, inform how it could be most effectively prescribed.
Conclusions and Clinical Implications
Rehabilitation strategies that promote motor learning-related neuroplasticity hold promise for improving functional outcomes poststroke. 3 Aerobic exercise may be a particularly effective means of enhancing the capacity of the motor system for plasticity by upregulation of neurotrophins, such as BDNF. 13, 14, 27 Importantly, aerobic exercise alone does not induce neuroplasticity but rather promotes the development of a neural environment that is supportive of plasticity. 71 To capitalize on this effect for motor rehabilitation, aerobic exercise bouts may need to be performed in close temporal proximity to purposeful motor skill practice or experience. This idea is supported by evidence suggesting that an acute bout of aerobic exercise immediately before or after skilled motor practice enhances motor learning in young adults who are healthy. 46 Further research is needed to test this idea in individuals with stroke.
Additionally, the basic neuronal processes that mediate aerobic exercise effects on the brain and facilitate motor learning-related neuroplasticity, such as the production and activity-dependent secretion of BDNF, depend on the expression of specific genes. 15 For example, the effects of aerobic exercise on motor learning-related neuroplasticity may be attenuated in individuals with a variant of the BDNF gene (val66met) that reduces activity-dependent secretion of BDNF. 49, 50 Knowledge of this genetic variant could be used to better individualize motor rehabilitation strategies. Although genetics research is a promising avenue for the development of individualized rehabilitation strategies for people The potential influence of the brain-derived neurotrophic factor (BDNF) val66met polymorphism on the effects of aerobic exercise on motor recovery poststroke. Aerobic exercise increases the production of BDNF, which then may increase the amount of BDNF available for secretion via its activity-dependent pathway. Increased amounts of BDNF secreted via the activity-dependent pathway could then enhance neuroplasticity, resulting in an increase in response to motor rehabilitation and, ultimately, an increase in motor recovery. However, the BDNF val66met polymorphism impairs the intracellular trafficking of BDNF to the activity-dependent pathway by 25%. As a result, the effect of aerobic exercise on neuroplasticity, response to rehabilitation, and motor recovery may be attenuated in individuals with the BDNF val66met polymorphism compared to those without it. The ϩ and -signs indicate positive and negative effects, respectively.
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with stroke, it is important to note that a number of other factors, including demographic or environmental variables, can modulate the functional effects of genetic variation. 24,62,69 Nevertheless, as personalized health care (specifically rehabilitation strategies) becomes more refined, the effects of interventions may be optimized by the incorporation of genetic information. In conclusion, future research into aerobic exercise and genetics may provide exciting new directions for the development of rehabilitation strategies designed to promote optimal neuroplasticity to improve motor recovery after stroke. 
